Objectives This study sought to investigate safety and efficacy of biolimus-eluting stents (BES) with biodegradable polymer as compared with sirolimus-eluting stents (SES) with durable polymer through 2 years of follow-up.
Early generation drug-eluting stents (DES) releasing either sirolimus or paclitaxel from durable polymer surface coatings have been shown to reduce angiographic and clinical restenosis compared with bare-metal stents (1) (2) (3) . However, concerns arose that early generation DES are associated with an increased risk of very late (Ͼ1 year) stent thrombosis (4, 5) . Delayed healing and re-endothelialization as well as chronic inflammation and hypersensitivity reactions have been identified as pathophysiological mechanisms leading to very late stent thrombosis and may be related at least in part to the permanent polymer coating (6, 7) . With the aim to further improve the safety and efficacy of DES, a biolimus-eluting stent (BES) has been designed with a biodegradable polymer applied to the stent's abluminal surface, which is metabolized to water and carbon dioxide within 6 to 9 months. Biolimus is a highly lipophilic sirolimus analog, which inhibits the mammalian target of rapamycin, and inhibits smooth muscle cell proliferation by causing the arrest of the cell cycle at G 0 with similar potency to sirolimus (8) .
BES with biodegradable polymer coating have previously been shown to be noninferior to a SES with durable polymer in terms of major adverse cardiovascular events at 9-month follow-up in the randomized LEADERS (Limus Eluted From a Durable Versus Erodable Stent Coating) trial (9) . Longer-term follow-up beyond the period of biodegradation of the polymer used for drug release and after discontinuation of dual antiplatelet therapy is of particular interest to determine the late safety profile of this platform. We therefore investigated the clinical outcomes of patients included into this study through 2 years with particular attention to the time period after discontinuation of mandatory dual antiplatelet therapy.
Methods
Study population. The methods of the LEADERS trial have been published previously (9) . In brief, the study applied an all-comers approach recruiting 1,707 patients with chronic stable coronary artery disease or acute coronary syndromes including ST-segment elevation myocardial infarction, who were eligible for enrollment if they had Ն1 lesion with diameter stenosis Ն50% and a reference vessel diameter 2.25 to 3.5 mm. Selection criteria were broad, reflecting routine clinical practice. We set no limit for the number of treated lesions, vessels, or lesion length, and excluded no patients on the basis of comorbidity apart from the following pre-specified criteria: known allergy to acetylsalicylic acid, clopidogrel, heparin, stainless steel, sirolimus, biolimus, or contrast material; planned surgery within 6 months of percutaneous coronary intervention (PCI) unless the dual antiplatelet therapy could be maintained throughout the perisurgical period; pregnancy; participation in another trial before reaching the primary endpoint; and inability to provide informed consent. The study complied with the Declaration of Helsinki and was approved by all institutional ethics committees. All patients provided written, informed consent for participation in the trial. Randomization and procedures. Patients were randomly allocated on a 1:1 basis to treatment with a stent eluting biolimus-A9 with a biodegradable polymer, polylactic acid (BioMatrix Flex, Biosensors Inc., Newport Beach, California) or a sirolimus-eluting stent (SES) with a durable polymer (Cypher Select, Cordis, Miami Lakes, Florida) and to active angiographic follow-up at 9 months or clinical follow-up only on a 1:3 basis using a factorial design. BES were available in diameters of 2.25 to 3.5 mm and in lengths of 8 to 28 mm, whereas SES were available in diameters of 2.25 to 3.5 mm and in lengths of 8 to 33 mm. Balloon angioplasty and stent implantation were performed according to standard technique, and direct stenting was allowed. Procedural anticoagulation was achieved with unfractionated heparin 5,000 IU or 70 to 100 IU/kg, whereas the use of glycoprotein IIb/IIIa inhibitors was left to the operator's discretion. All patients enrolled into the study received Ն75 mg of acetylsalicylic acid and at least 300 mg of clopidogrel before the procedure. All patients were discharged on Ն75 mg of acetylsalicylic acid indefinitely and clopidogrel 75 mg for a minimum of 12 months following the index procedure. In the case of intercurrent revascularization procedures needing stent implantation, cardiologists were encouraged to use study stents. Follow-up. Adverse events were assessed in the hospital, and clinical follow-up was performed at 1, 6, 9, 12, and 24 months. Additional clinical follow-up is planned at yearly intervals to 5 years. One in 4 patients was asked to return for angiographic follow-up at 9 months. Study endpoints. The primary clinical endpoint of this study was the composite of cardiac death, myocardial infarction, and clinically indicated target vessel revascularization. The detailed definitions of these endpoints have been reported previously (9) . Secondary endpoints included any target lesion revascularization (clinically indicated or nonclinically indicated); cardiac death; death from any cause; myocardial infarction; stent thrombosis according to definitions of the Academic Research Consortium (10) . A blinded independent clinical events committee adjudicated all endpoints, and independent study monitors verified all case reports from data on site. The operators were by necessity aware of the assigned study stent during PCI and angiographic follow-up, but patients and staff involved in follow-up assessment were blinded to the allocated stent type. Angiography films were centrally assessed at 1 angiographic core laboratory (Cardialysis, Rotterdam, the Netherlands) with assessors unaware of the allocated stent. Statistics. This was a noninferiority trial, which was powered for noninferiority on the primary clinical endpoint at 9 months. Based on event rates reported for the BASKET (Basel Stent Cost-Effectiveness Trial) (11) and SIRTAX (Sirolimus-Eluting Stent Compared With PaclitaxelEluting Stent for Coronary Revascularization) (12) trials in patients comparable to those to be included in this trial, we expected rates of the primary endpoint at 9 months to be 8% in both treatment groups. Noninferiority would be declared if the upper limit of the 1-sided 95% confidence interval (CI) of the absolute risk difference did not exceed 4%. Using a simulation-based approach with 10,000 simulations, with a continuity-corrected modification of the Wilson score method to estimate confidence intervals for binary data (13), we estimated that 850 patients per group yielded Ͼ90% power to detect noninferiority at a 1-sided type I error of 0.05. After establishing noninferiority, we calculated regular 2-sided 95% CI and 2-sided p values to allow conventional interpretation of results as if using a superiority design.
In the present analysis, the 2-year results are reported. Continuous variables are expressed as mean Ϯ SD; and categorical data are presented as frequency (percentages). We used Mantel-Cox method to calculate rate ratios and 95% CI for comparisons of clinical outcomes between groups, and the log-rank test to calculate corresponding p values. Survival curves were constructed for time-to-event variables using Kaplan-Meier estimates. Stratified analyses according to the presence or absence of diabetes, acute coronary syndrome, acute ST-segment elevation myocardial infarction, left anterior descending artery, multivessel disease, off-label use, de-novo lesions, small-vessel disease, and long-lesions were carried out. To identify possible interaction between treatment effect and these characteristics, the chi-square test was used to test for effect modification. A dedicated statistician performed all analyses using SAS (version 8.02, SAS Institute Inc., Cary, North Carolina). All p values and CI were 2-sided except for noninferiority of BES compared with SES for the primary endpoint. Figure 1 shows the flow of patients from enrollment to 2 years on an intention-to-treat basis. Overall, clinical follow-up was available in 1,670 patients (97.5%): 836 of 857 BES patients (97.1%), and 834 of 850 SES patients (98.1%). The baseline clinical and angiographic characteristics were similar in both groups (Table 1 ). There was no significant difference in procedural characteristics between both groups. Clinical outcomes at 2 years. Table 2 shows clinical outcomes at 2 years. The primary endpoint occurred in 110 (12.8%) BES patients and 129 (15.2%) SES patients (Fig. 2) . Noninferiority of BES compared with SES was maintained at 2 years with an absolute risk difference of Ϫ2.4%, the boundary of the 1-sided 95% CI at 0.5%, and the corresponding 1-sided p value for noninferiority at Ͻ0.0001. Superiority testing of the primary endpoint yielded nonsignificant differences between BES and SES (p ϭ 0.18) ( Table 2 ). The use of BES compared with SES was associated with similar rates of cardiac death (3.2% vs. 3.9%; hazard ratio [HR]: 0.81; 95% CI: 0.49 to 1.35; p ϭ 0.42) and myocardial infarction (6.3% vs. 5.6%; HR: 1.12; 95% Values are n (%).
Results
CI ϭ confidence interval; HR ϭ hazard ratio; TLR ϭ target lesion revascularization; TVR ϭ target vessel revascularization; other abbreviations as in Table 1 .
J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 4 , N O . 8 , 2 0 1 1 A U G U S T 2 0 1 1 : 8 8 7 -9 5
Klauss et al.
2-Year Comparison of BES and SES
CI: 0.76 to 1.65; p ϭ 0.60). In addition, clinically indicated target vessel revascularization was comparable between BES and SES patients (7.5% vs. 8.6%; HR: 0.86; 95% CI: 0.62 to 1.20; p ϭ 0.38) (Fig. 2) . The findings for the primary endpoint were consistent across the pre-specified stratified analyses for diabetes, acute coronary syndromes, and de novo lesions, as well as other subgroups including lesion in the left anterior descending artery, small-vessel disease, long lesions, and off-label use (Fig. 3) . A significant interaction was observed between estimated HR and presence or absence of ST-segment elevation myocardial infarction at baseline (p for interaction ϭ 0.02). A lower rate of major adverse cardiovascular events in BES compared with SES was apparent in patients with ST-segment elevation myocardial infarction (HR: 0.40, 95% CI: 0.20 to 0.80), but not in remaining patients (HR: 0.96, 95% CI: 0.73 to 1.27). Stent thrombosis and antiplatelet therapy. The rates of stent thrombosis as per the Academic Research Consortium's definitions are listed in Table 3 . There was no significant difference in definite, probable, or possible stent thrombosis during the early, late, or very late stent time period between both groups. There was 1 secondary definite late stent thrombosis in a SES patient at 60 days who experienced an early stent thrombosis at 3 days. Definite very late stent thrombosis occurred among 0.2% of patients treated with BES and 0.5% of patients treated with SES (Fig. 4 ) between 1 and 2 years of follow-up. Table 4 summarizes the timing, lesion characteristics, clinical indication at baseline, clinical consequence, and relationship to dual antiplatelet therapy of very late definite stent thrombosis. As shown in Table 5 , aspirin use was high throughout the 2-year period. Per protocol, thienopyridine use was recommended for 12 months, but its use declined to 68.1% in the BES group and 66.5% in the SES group at 12 months and to 23.4% and 24.3% at 24 months, respectively. In 317 patients who discontinued dual antiplatelet therapy before 12 months, no definite stent thrombosis was observed in the BES group (0 of 154) compared with 1.2% in the SES group (2 of 163). Among the 963 patients who discontinued thienopyridine therapy after 12 months, very late stent thrombosis rate amounted to 0% in BES patients (0 of 484) and 0.6% in SES patients (3 of 479).
Discussion
This randomized study confirmed the efficacy and safety of BES with an abluminal biodegradable polymer compared Data are shown with relative risks and 95% confidence intervals (CI) for the primary endpoint at 2 years among subgroups of patients randomly assigned to BES or SES. The p value for interaction represents the likelihood of interaction between the variable and the relative treatment effect. MI ϭ myocardial infarction; other abbreviations as in Figure 1 . with SES with a durable polymer at 2 years of follow-up.
The primary endpoint-a composite of cardiac death, myocardial infarction, and clinically indicated target vessel revascularization-demonstrated noninferiority of BES to SES. Stent thrombosis continued to occur between 1 and 2 years in the BES group, but the overall incidence was low in this all-comer patient population, and there was no apparent relationship with the discontinuation of dual antiplatelet therapy. Whereas most previous DES trials recruited patients with on-label characteristics, more than one-half of patients undergoing PCI with DES in routine clinical practice have at least 1 off-label characteristic (14) . Of note, compared with standard use, early and late DES safety is inferior in patients with off-label characteristics, and the long-term effectiveness of DES is also inferior with both off-label and untested use (14, 15) . Consequently, the Circulatory System Devices Advisory Panel of the U.S. Food and Drug Administration underlined the need for conducting studies in off-label indications (16) . The current study followed this recommendation and enrolled patients undergoing PCI with the unrestricted use of DES to reflect routine clinical practice. Most patients had an acute coronary syndrome and more than three-quarters of patients received 1 or more DES for an off-label indication. This may have contributed to the fact that the 2-year event rates reported in this study were somewhat higher than those observed in recent DES trials with lower risk profiles but comparable during the follow-up period (17, 18) . A recent study compared a second-generation everolimus-eluting stent with a first-generation paclitaxel-eluting stent in a similar patient population (COMPARE [Comparison of the Everolimus-Eluting Xience-V Stent With the PaclitaxelEluting Taxus Liberte Stent in All-Comers: A Randomized Open Label Trial]) (19) . Overall, the everolimus-eluting stent was superior to the paclitaxel-eluting stent, and event rates at 1 year were lower for both stents than in the current trial. As COMPARE used a different comparator, it remains to be determined whether a comparison with sirolimus-eluting stents would have altered the results.
The use of early generation DES has been associated with increased rates of very late (beyond 1 year) stent thrombosis compared with bare-metal stents, a difference that emerged particularly in off-label indications (14, 15, 20, 21) . Although the occurrence of very late stent thrombosis remains largely unpredictable and no specific cause has been identified, the properties of the polymer used for controlled drug release may be related to the pathophysiological mechanisms leading to this adverse event. Histopathological studies have shown that DES with durable polymers can induce inflammation, eosinophilic Time-to-event curves for the endpoint of definite stent thrombosis up to 2 years of follow-up for the BES (blue) and the SES (orange). The p values are 2-sided from superiority testing using a log-rank test. HR ϭ hazard ratio; other abbreviations as in Figure 1 . Values are percentage of n.
Abbreviations as in Table 1 .
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infiltrates, and vessel remodeling, which may allow for fibrin and platelet deposition and, in conjunction with altered flow dynamics, promote local thrombosis (22, 23) . The BES used in this study has a biodegradable polymer, located only on the abluminal surface of the stent. This polymer is coreleased with biolimus during a period of 6 to 9 months and degrades into carbon dioxide and water (8) . After 1 year, definite stent thrombosis continued to occur with both BES (0.2%) and SES (0.5%, p ϭ 0.42). The rate of very late definite stent thrombosis of 0.5% encountered with SES is reminiscent of the annual rate of 0.53% (95% CI: 0.44% to 0.64%) previously reported with early generation DES (24) . The small and nonsignificant difference in the rates of very late definite stent thrombosis observed in the current study, however, can neither prove nor disprove the concept of a biodegradable polymer used for drug release. Longer-term follow-up and studies of larger patient populations are required to assess whether a biodegradable polymer will meaningfully influence the occurrence of very late stent thrombosis. The optimal duration of dual antiplatelet therapy after implantation of DES is not clear, and the risk of bleeding has to be balanced against the potential benefit of secondary prevention and the risk of stent thrombosis (25, 26) . In the present study, discontinuation of dual antiplatelet therapy before 12 months (per protocol, clopidogrel was recommended for at least 12 months) was associated with a rate of stent thrombosis in the SES group of 1.2%, whereas no event was observed in the BES group. When dual antiplatelet therapy was discontinued after 12 months, the rate of stent thrombosis was 0.6% in the SES group compared with 0% in the BES group. Whether these results in the BES group are due to the properties of the biodegradable polymer or just incidental remains speculative at this point. However, results from a substudy using optical coherence tomography imaging at 9 months revealed more complete strut coverage with BES than with SES, suggesting a difference in healing properties and therefore the potential substrate for stent thrombosis.
Conclusions
At 2 years of follow-up, the unrestricted use of BES with a biodegradable polymer maintained a similar safety and efficacy profile as SES with a durable polymer.
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